Adsorption behaviors of the histidine-containing dipeptides, carnosine (Car) and anserine (Ans) were studied using copper(II) immobilized cation exchange resins. Commercial sulfonic acid, carboxylic acid, iminodiacetic acid (IDA), and aminophosphoric acid resins were used for immobilizing copper(II). Adsorptions of Car and Ans were especially enhanced using copper (II) immobilized IDA resin (Cu-IDA). Car and Ans were adsorbed on Cu-IDA even in the presence of 100 mmol/dm3 of sodium chloride. Histidine and the histidine-containing dipeptides were selectively adsorbed on Cu-IDA over other amino acids. Immobilized metal affinity adsorption is available for separation of the dipeptides from saline water.
Introduction
Naturally-occurring histidine-containing dipeptides, carnosine (Car, [3-alanyl-L-histidine) and anserine (Ans, [3-alanyl-L-1-methylhistidine) (shown in Fig. 1 ), are believed to act as cytosolic buffering agents, metal ion chelators, anti-oxidants, and to have neurotransmitter functions [1] [2] [3] . As such, they are used as raw materials for food supplements. Food extracts and food wastes might be candidates to cheaply recover histidine-containing dipeptides; however, this source would contain also other amino acids and inorganic salts.
Ion exchange techniques are effective for separation of amino acids and peptides; however, adsorption on ion exchange resins significantly decreases in saline water because of the inhibition of adsorption by salts such as NaCl. In the present study, the adsorptions of histidine-containing dipeptides using immobilized metal affinity adsorption were studied. Immobilized metal affinity chromatography (IMAC) has been developed as a selective separation tool for biomolecules [4] [5] [6] [7] [8] [9] . The separation factor of IMAC is based on differences in the affinities between immobilized metal ions and functional groups of biomolecules. Immobilized intermediate metal ions such as Cu(II), Ni(II), and Zn(II) bind proteins with histidine residues.
Especially, IMAC is used for the purification of recombinant proteins. Recombinant proteins fusing peptide tags containing multiple histidines to their C-or N-terminus are selectively adsorbed on metal immobilized chelating gels. Cu(II) immobilized cation exchange resins were prepared from commercial sulfonic acid, carboxylic acid, iminodiacetic acid, and aminophosphoric acid resins for the recovery of Car and Ans Analytical grade amino acid reagents for the adsorption experiments were purchased and employed
L-histidine (His), and L-arginine (Arg) (Wako Pure Chemical Industries, Japan). All other reagents were of reagent grade and were used as received. An aminophosphoric acid resin TP exhibits the high adsorption of Car under pH 4-6; however, the adsorption of Car decreases using the metal immobilized resin Cu-TP. As Cu(II) ions seem to be competitive with the peptides for adsorption on TP. Thus, TP is inadequate as a material for metal affinity adsorption of the histidine-containing peptides. A strong acid ion-exchange resin SK quantitatively adsorbs Car under pH 2-5, and the adsorption decreases under higher pH. Cu-SK shows slightly higher adsorption than SK under neutral pH.
Most Car seems to be adsorbed on Cu-SK through electrostatic interaction, while a small amount of Car appears to be adsorbed on it through metal-ligand interaction.
On the other hand, Cu-WK and Cu-IDA show higher adsorption of Car than WK and IDA, respectively. Adsorptions of various amino acids on Cu-IDA were individually examined under a neutral pH in the absence or presence of NaCl (Fig. 7) . His and the histidine-containing dipeptides, Car and Ans were selectively adsorbed on Cu-IDA over other amino acids. As the adsorption is mainly based on a coordination bond between metal ions and amino acid, His, which forms the strong complex with Cu(II) ions,
showed the highest adsorption [7, 8] .
It should be noted that His, Car, and Ans were adsorbed on Cu-IDA in the presence of 100mmol/dm3
of NaCl. The metal affinity adsorption functions for recovering the histidine-containing peptides from saline solution, for which general ion exchange resins do not [9] . Adsorption of Arg on Cu-IDA was decreased from 37% to 3% by adding 100mmol/dm3 of NaCl, because the basic amino acid Arg is adsorbed mainly by electrostatic interaction.
On the other hand, adsorptions of Cys, Met and Phe were increased by adding NaCl.
These also seemed to be adsorbed on Cu-IDA through metal-ligand interactions.
In conclusion, immobilized metal affinity adsorption is available for the separation of physiologically important histidine-containing dipeptides from saline solutions containing other amino acids, without going through a desalination process. Commercial iminodiacetic acid resins can be used as the matrix for this metal affinity adsorption. Recovery of dipeptides from Cu(II) immobilized cations is now under way.
